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INTRODUCTION 
Purpose  of  Samplers 

Runoff  samplers  are  needed  by  those  who  are  en- 
deavoring to  find  out  how  various  kinds  of  land 
use  affect  the  amounts  of  runoff  and  soil  erosion. 
Most  of  the  investigative  work  is  being  done  by 
the  State  Agricultural  Experiment  Stations,  Soil 
Conservation  Service,  former  Bureau  of  Plant 
Industry,  Soils,    Agricultural  Engineering,  and 
Forest  Service.  The  volumes  of  soil  and  water 
lost  in  the  runoff  resulting  from  some  storms  are 
so  large,  even  from  very  smallland  areas,  that 
trying  to  catch  all  of  the  runoff  for  the  purpose  of 
measurement  is  impractical.  Devices  that  give  a 
record  of  the  variation  in  the  rate  of  runoff,  and 
instruments  that  divide  the  runoff  and  store  a 
small  portion  for  subsequent  measurement,  have 
been  devised  and  extensively  used. 

A  runoff  sampler  divides  the  flow  from  an  ex- 
perimental area  and  retains  the  smaller  part  of  it 
in  a  storage  tank.  Types  of  measurements  of  the 
stored  sample  made  after  runoff  ceases  depend 
upon  the  method  of  runoff  measurement  that  is 
used.  In  one  of  the  methods,  a  supplementary  in- 
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strument  is  used  to  give  a  record  of  the  rates  of 
flow  from  which  the  total  volume  of  runoff  can  be 
computed.  In  this  method,  the  stored  field  sam- 
ple obtained  from  the  sampler  is  itself  sampled 
to  provide  smaller  representative  samples  for 
laboratory  analysis.  Laboratory  determination  of 
the  soil  content  per  unit  volume  is  then  applied  to 
the  total  runoff  amount,  as  determined  by  the 
supplementary  instrument,  for  computing  the  to- 
tal soil  loss  for  the  runoff  period.  The  volume  of 
the  field  sample  is  not  measured. 

If,  on  the  other  hand,  the  sampler  is  depended 
upon  to  measure  the  total  runoff,  the  volume  of 
the  stored-field  sample  must  be  measured.  The 
total  runoff  is  then  determined  by  dividing  the 
volume  of  the  stored-field  sample  by  the  known 
proportion  of  the  runoff  flow  (sometimes  called 
the  aliquote  part)  the  sampler  extracts.  The  soil 
loss  is  then  computed  as  described  previously. 
Since  the  runoff  sampler  has  two  functions  in  this 
case,  and  the  allowable  error  in  water-runoff 
measurements  is  smaller  than  in  soil-loss  deter- 
minations, the  requirements  for  a  satisfactory 
apparatus  are  more  difficult  to  meet. 

The  Geib  multislot  divisor  runoff  sampler  has 
been  used  most  extensively  by  the  Soil  Conserva- 


1  Many  people  contributed  to  the  work  upon  which  this  report  is  based.  Many  more  are  now  helping  with  field  trials  of  the  apparatus.  H.  E. 
Middleton,  Assistant  Chief  of  Research,  was  principally  responsible  for  the  continued  effort  that  was  required  and  personally  participated  in  some  of 
the  hydraulic  tests.  L.  A.  Jones,  formerly  Chief,  Division  of  Drainage  and  Water  Control,  gave  aid  and  advice  on  general  aspects  of  the  work. 
Orville  E.  Hays,  Project  Supervisor,  Soil  Conservation  Experiment  Station,  La  Crosse,  Wis. ,  contributed  greatly  by  furnishing  the  Owen,  Wis. , 
version  of  the  original  device,  by  conducting  preliminary  field  trials  of  experimental  samplers,  and  by  his  consistently  high  interest  and  encourage- 
ment during  the  progress  of  the  work.  Among  other  things  his  field  trials  resulted  in  an  increase  in  vane  curvature.  This  was  devised  by  Pomerene  in 
his  early  models. 

An  original  Coshocton  runoff  sampler  with  curved  perforated  vanes,  flat  sampling  slot,  and  inclined  axis,  as  created  by  W.  H.  Pomerene  in  1944, 
was  furnished  by  L.  L.  Harrold,  Project  Supervisor,  North  Appalachian  Experimental  Watershed,  Coshocton,  Ohio.  Field  runoff  and  soil-loss  data 
were  also  furnished  from  this  project.  C.  A.  Donnelly,  Hydraulic  Engineer,  and  Fred  W.  Blaisdell,  Project  Supervisor,  at  the  St.  Anthony  Falls 
Hydraulic  Laboratory  assisted  in  the  prosecution  of  the  work  in  many  ways.  Sigurd  H.  Anderson,  formerly  Hydraulic  Engineer,  St.  Anthony  Falls 
Hydraulic  Laboratory,  contributed  much  to  the  structural  features  of  the  devices  and  to  methods  of  construction.  Helpful  advice  was  given  by  L.  G. 
Straub,  Director,  St.  Anthony  Falls  Hydraulic  Laboratory,  who  also  was  first  to  explain  the  basic  principle  of  operation  of  the  samplers.  The  skillful 
work  of  J.  Baur,  C.  Anderson,  R.  Murdock,  and  others  at  the  laboratory  was  indispensable.  The  writer  is  indebted  to  all  these  and  many  others. 

2  The  work  uponVhich  this  report  is  based  was  a  cooperative  undertaking  of  the  Soil  Conservation  Service  of  the  U.  S.  Department  of  Agriculture 
with  the  St.  Anthony  Falls  Hydraulic  Laboratory  and  the  Minnesota  Agricultural  Experiment  Station  of  the  University  of  Minnesota. 

The  personnel  -•\nc  projects  mentioned  herein  have  been  transferred  to  Agricultural  Research  Service  of  the  U.  S.  Department  of  Agriculture  since 
this  report  was  prepared. 
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Figure  1.  -  -Model  N-l  runoff  sampler  unit. 


tion  Service.  Many  hydraulic  tests  were  made  on 
this  device  by  the  Soil  Conservation  Service  at 
the  Hydraulic  Laboratory  of  the  National  Bureau 
of  Standards  prior  to  its  adoption  for  general 
use.  When  properly  constructed  and  installed, 
this  device  is  capable  of  giving  very  good  re- 
sults. Even  though  we  have  a  device  or  devices 
capable  of  giving  good  results,  the  incentive  for 
the  development  of  other  devices  arises  from  the 
fact  that  the  total  costs  of  making  soil-loss  and 
water-runoff  measurements  are  large  and  thus 
should  be  reduced  if  possible. 

The  Coshocton-Type  Sampler 

The  Coshocton-Type  Sampler  was  first  devel- 
oped by  W.  H.  Pomerene  of  the  North  Appalach- 
ian Experimental  Watershed,  Coshocton,  Ohio, 
formerly  with  the  Soil  Conservation  Service.  Its 
form  is  illustrated  by  Plan  File  No.  PSS-1,  dated 
October  9,   1947,  of  the  Coshocton  project. 
Forms  of  this  device  are  still  being  used  for  field 
measurements  near  Coshocton,3  Ohio,  and  Owen, 
Wis.  They  are  used  in  conjunction  with  rate- 
measuring  flumes  equipped  with  water-level  re- 
corders and, therefore,  are  not  being  depended 
upon  to  measure  the  total  runoff. 

Operation  of  the  Coshocton-Type  Runoff  Sam- 
pler is  simple.  The  discharge  from  the  meas- 
uring flume  falls  upon  a  water  wheel,  whose  axis 
is  inclined  slightly  from  vertical.  A  sampling 
head,  with  a  narrow  opening  (hereafter  called 
the  slot)  along  its  top,  is  mounted  on  the  wheel. 
With  each  revolution  of  the  wheel,  the  slot 
cuts  across  the  jet  from  the  flume  and  extracts 
a  small  portion  of  the  flow.  The  extracted  por- 

'  Harrold,  L.  L.  Soil  loss  as  determined  by  watershed  measurements. 
Agr.  Engin.,  30:  137-140.  1949. 


tion,  or  sample,  falls  through  the  inside  of  the 
sampling  head,  through  the  wheelplate,  and  into 
a  collecting  pan  beneath  the  wheel.  From  there, 
the  sample  is  conducted  through  a  suitable  closed 
conduit  to  a  sample-storage  tank. 

Samplers  in  use  at.  Owen  differ  a  little  in  de- 
sign from  those  at  Coshocton.  One  sampler  from 
each  of  the  two  research  projects  was  tested  un- 
der controlled  flow  conditions  at  the  St.  Anthony 
Falls  Hydraulic  Laboratory  of  the  University  of 
Minnesota.  This  was  a  preliminary  step  to  the 
possible  use  of  this  type  of  instrument  at  other 
locations  throughout  the  country.  Curiosity  as  to 
the  reasons  for  the  differences  in  behavior  of  the 
two  samplers,  and  the  rather  wide  variation  ex- 
hibited by  both  in  the  proportion  extracted  as  the 
flow  was  changed,  prompted  modifications  in  con- 
struction and  additional  tests. 

The  first  modification  consisted  of  raising  the 
sampling  slot  to  reduce  the  effect  of  the  splash- 
ing that  resulted  from  the  impact  of  the  jet  on  the 
wheel.   The  results  of  this  change  were  encourag- 
ing and  raised  the  hope  that  the  devices  could  be 
designed  to  measure  satisfactorily  both  the  soil 
loss  and  water  runoff.  The  laboratory  work  was 
continued  and  resulted  in  65  series  of  tests. 
About  1,  300  individual  tests  were  made.  The  de- 
tailed results  of  the  laboratory  work  were  given 
in  a  separate  report. 

Standardized  designs  have  been  prepared  for 
samplers  with  diameters  of  1  foot  and  2  feet, 
designated  as  Models  N-l  and  N-2,  respectively. 
Photographs  of  a  Model  N-l  sampler  are  shown 
in  figure  1.  The  results  of  steady  flow-calibra- 
tion tests  with  several  samplers  of  both  sizes 
are  given  in  figures  2  and  3.  Figure  4  shows  how 

*  Parsons,  D.  A.  Calibration  and  development  tests,  Coshocton- 
Type  Runoff  Samplers.  August  1951.  [Typewritten.] 
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SYMBOL  DESCRIPTION  TEST  SERIES 

x       SAF  LAB.  EXPERIMENTAL   SAMPLER  LVIII 
A       HYDRAULIC   PRODUCTS   CO.   SAMPLER  NO.  I  LX 
□       HYDRAULIC   PRODUCTS   CO.  SAMPLER  NO.  2  LXI 
o       HYDRAULIC   PRODUCTS   CO.  SAMPLER  NO.  3  LXI  I 
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Figure  2.  -  -Calibration  tests,  Model  fN-1)  Coshocton-Type  Runoff  Samplers 
(1-foot  diameter  wheels  with  6-inch  H-flumes). 
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Figure  3.  -  -Calibration  tests,  Model  (N-2)  Coshocton-Type  Runoff  Samplers 
(2-foot  diameter  wheels  with  1-foot  H-flumes). 
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Figure  4.  -  -Ratio  of  soil  concentration  of  sample  to  that  of  runoff. 
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coarse  sand  (0.59  mm.  to  0.83  mm.  diameter), 
introduced  at  floor  level  in  the  measuring  flume, 
is  sampled  by  the  1-foot  diameter  sampler. 

SAMPLER  EVALUATION 

Characteristics  of  a  Satisfactory  Sampler 

While  developing  a  sampler,  or  judging  its 
satisfactoriness  for  general  use,  it  is  pertinent 
to  explore  the  characteristics  that  are  important 
to  acceptable  operation.  A  brief  discussion  of 
these  characteristics  follows: 

Capacity.  --High  capacity  is  desirable.  It  per- 
mits use  of  the  instrument  over  a  large  range  of 
site  and  runoff  conditions,  thereby  reducing  the 
number  of  types  and  sizes  of  samplers  required 
to  make  the  needed  measurements.  A  capacity  of 
10  inches  per  hour,  which  is  about  10  cubic  feet 
per  second  per  acre  of  experimental  area,  is 
about  right  for  agricultural  areas  in  the  United 
States  when  conditions  on  the  plot  are  extremely 
favorable  for  runoff  production.  Less  than  half  of 
this  capacity  is  needed  for  some  combinations  of 
plot  characteristics. 

Size  of  sample.  --A  small  sample  is  preferred. 
Storage  capacity  of  the  sampler  installation 
should  be  something  less  than  20  cubic  feet,  even 
for  installations  on  the  larger  areas.  Reasons  for 
limiting  the  size  of  the  storage  tanks  are  the 
original  cost,  the  cost  of  installation,  and  the  fact 
that  the  stored  sample  must  in  turn  be  sampled 
for  laboratory  purposes.  Large  volumes  are 
more  difficult  to  sample  accurately  than  small 
volumes.  Since  the  volume  of  runoff  from  the 
maximum  storm  may  be  as  much  as  20,  000  to 
30,  000  cubic  feet  per  acre  of  experimental  area, 
the  percentage  of  the  total  flow  that  the  sampler 
extracts  must  be  small  even  from  small  plots. 

Accuracy.  --The  degree  of  accuracy  of  the 
sampler  must  be  consistent  with  the  objectives  of 
the  measurements.  Accuracy  in  the  determination 
of  soil  loss  and  water  runoff  depends  not  only 
upon  the  sampler  but  also  upon  the  adequacy  of 
the  plot  borders  and  collecting  trough,  the  gen- 
eral care  by  the  operators,  the  skill  in  resam- 
pling the  storage  tank,  and  the  precision  of  oper- 
ations in  the  laboratory.  The  sampler  is  one  unit 
in  a  process,  and  should  be  held  accountable  in- 
sofar as  its  design  affects  the  number  of  opera- 
tions, chances  for  error,  or  the  magnitude  of  the 
error  in  an  operation.  Because  there  are  several 
sources  of  error,  the  maximum  sampler  error 
should  be  less  than  the  total  error  permissible  in 
attainment  of  the  objective  of  the  measurements. 

Reliability.  --Runoff  samplers  must  be  capable 
of  dependable,  automatic  operation  for  continuous 
periods  of  at  least  2  days.  They  are  often  placed 
in  remote  positions  and  in  such  numbers  that 
servicing,  following  a  period  of  runoff,  cannot  be 
accomplished  for  a  considerable  length  of  time. 
Whereas  many  of  the  schemes  proposed  for  sam- 
pling runoff  will  easily  meet  the  accuracy  re- 
quirements for  short  periods  of  clear-water  flows, 
few  will  meet  the  reliability  requirement  under 
usual  field  conditions.  Trash--such  as  leaves, 


stems,  and  roots  of  plants  carried  by  the  runoff 
water--is  probably  the  greatest  source  of  diffi- 
culty. Many  other  factors  are  also'  involved,  in- 
cluding sedimentation  in  the  apparatus,  wind,  in- 
sects, and  corrosion. 

Headroom.  --A  low  headroom  requirement  is 
essential  for  a  generally  satisfactory  sampler. 
All  samplers  require  a  drop  in  the  water-surface 
elevation  as  the  runoff  passes  through  the  appa- 
ratus. The  minimum  headroom  requirement  of  a 
sampler  becomes  an  all  important  matter  for  in- 
stallations on  gentle  slopes  and  in  places  where 
high  tailwater  may  occur  in  the  outlet  channel 
during  heavy  runoff. 

Costs .  -  -The  design  and  construction  of  a  sam- 
pler should  be  such  that  the  average  cost  of  mak- 
ing a  satisfactory  measurement  of  soil  loss  and 
water  runoff  is  as  small  as  possible.  Soil  and 
water-conservation  research  requires  a  large 
number  of  runoff  measurements,  owing  to  the 
wide  variations  in  climate,  topography,  soils, 
soil  treatments,  tillage  methods,  and  plants.  The 
rate  at  which  fact  finding  progresses  is  neces- 
sarily dependent  upon  the  number  of  soil-loss 
and  water-runoff  measurements  that  can  be  made 
with  available  funds. 

Accuracy  Goals 

Deviations  from  true  values  in  measurements 
of  soil  loss  and  water  runoff  occur  with  individual 
judgment;  yet,  an  objective  approach  to  the  eval- 
uation of  samplers  requires  a  specific  statement 
of  the  accuracy  goals.  What  they  shall  be  depends 
upon  the  use  that  is  to  be  made  of  the  data.  The 
notions  of  the  writer  in  this  regard  are: 

Maximum  allowable  error  in  soil  loss  determination:  25  percent 
or  100  pounds  per  acre,  whichever  is  the  larger; 

Maximum  allowable  error  in  water-runoff  determination  for  use 
in  comparative  studies:  10  percent  or  0.04  inch,  whichever  is  the 
larger; 

Maximum  allowable  error  in  water-runoff  determination  for  use 
in  an  intensive  accounting  of  all  rainfall  disposition:  5  percent  or 
0.02  inch,  whichever  is  the  larger. 

These  estimates  apply  to  individual  runoff 
periods.  The  probable  errors  would  be  less.  The 
probable  relative  error  of  the  sum  of  the  amounts 
for  several  runoff  periods  would  be  still  less. 
The  permissible  error  of  the  sampling  device  for 
a  single  runoff  period  would  be  less  than  the  al- 
lowable error  for  the  overall  measurement. 

Other  Factors  in  Evaluation 

Other  factors  are  involved  in  the  determination  of 
the  sampler  error.  And,  to  be  correct,  two  types 
of  error  should  be  recognized.  At  a  particular 
rate  of  water-runoff  through  the  apparatus,  the 
proportion  of  the  volume  extracted  by  the  sam- 
pler will  differ  somewhat  from  the  proportion 
that  was  intended.  Also,  the  concentration  of 
transported  material  in  the  sample  will  differ 
somewhat  from  the  concentration  of  transported 
material  in  the  total  flow  through  the  apparatus. 

Two  reasons  can  be  given  for  the  difference 
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between  the  concentration  of  transported  mate- 
rial in  the  sample  and  in  the  total  flow  at  a  given 
rate  of  discharge.  First,  the  inertia  of  large, 
heavy  particles  will  cause  their  paths  to  differ 
from  that  of  the  fluid  if  the  flow  lines  are  curved 
as  the  runoff  enters  the  sampling  slot.  Secondly, 
it  is  to  be  expected  that  the  sampler  will  not  ex- 
tract exactly  the  same  percentage  from  each 
element  of  the  cross  section  of  the  runoff  jet. 
Then,  if  the  concentration  of  soil  in  the  runoff 
differs  over  the  cross  section,  because  of  the 
large  size  of  the  transported  particles  and  a 
large  difference  in  density  between  the  fluid  and 
the  particles,  the  percentage  of  transported  ma- 
terial in  the  sample  will  differ  from  that  in  the 
total  flow. 

The  data  in  figure  4  are  an  illustration  of  the 
relative  variation  in  the  case  of  coarse  sand 
being  transported  within  a  small  element  of  the 
cross  section.  It  is  to  be  expected  that  finer,  or 
less  dense,  material  distributed  more  uniformly 
in  the  runoff  would  be  divided  more  nearly  as  the 
liquid  is  divided. 

Differences  between  the  intended  and  actual 
proportions  of  the  runoff  caught  by  the  sampler 
differ  with  the  different  rates  of  flow.  The  data 
of  figures  2  and  3  illustrate  results  that  are  ob- 
tained in  the  laboratory-calibration  tests  at 
steady  flows.  The  error  pattern,  or  variation  of 
error  with  rate  of  flow,  would  have  been  identi- 
cal for  each  device  of  a  kind  if  flow  conditions 
and  all  details  of  construction  had  been  exactly 
alike. 

Unfortunately,  laboratory  data  obtained  at 
steady  flows  do  not  show  what  the  sampler  error 
will  be  for  some  random  period  of  runoff.  The 
flow  ranges  during  a  runoff  period  from  zero  to 
a  maximum  value  and  back  to  zero.  The  error 
for  the  runoff  period  will  be  an  average  for  the 
range  in  flow  and  will  be  less  than  the  maximum 
steady-flow  error  within  the  range.  It  is  possi- 
ble, therefore,  for  an  instrument  to  be  satis- 
factory even  though  the  steady-flow  error  at 
some  period  of  flow  exceeds  the  allowable  error. 

A  calculation,  from  the  steady-flow  calibra- 
tion, of  the  sampler  error  in  measuring  the  vol- 
ume of  runoff  for  a  runoff  period  requires  a 
knowledge  of  the  shape  of  the  runoff  hydrograph. 
Also,  since  the  soil  concentration  in  the  runoff 
usually  differs  throughout  the  runoff  period,  an 
error  variation  in  the  volume  extracted  by  the 
sampler  introduces  an  error  in  the  average  soil 
concentration  in  the  sample.  Thus,  the  variation 
in  the  soil  concentration  in  the  runoff  throughout 
the  runoff  period  must  also  be  known  to  make  a 
calculation  of  the  error  in  the  soil  concentration 
in  the  sample. 

It  is  obviously  impossible  to  foretell  the  exact 
shapes  of  the  hydrographs  and  variations  in  the 
concentration  of  soil  in  the  flow  during  runoff 
periods  to  come.  An  approximation  of  future 
conditions,  however,  may  suffice  for  making  a 
conclusion  regarding  the  satisf actoriness  of  a 
sampler.  For  example,  it  could  be  assumed  as 
an  approximation  that  all  hydrographs  can  be 
sufficiently  well  represented  by  triangles.  Then, 


by  geometry  and  algebra,  the  proportion  of  the 
total  runoff  that  occurs  within  any  rate  interval, 
in  terms  of  the  maximum  rate,  can  be  deter- 
mined easily.'  Thus,  for  triangularly  shaped  hy- 
drographs half  the  runoff  occurs  at  rates  greater 
than  81  percent  of  the  maximum  and  half  occurs 
at  lower  rates. 

An  alternative  to  this  procedure,  and  one  that 
also  provides  information  on  the  expected  errors 
in  concentrations  of  soil  in  the  runoff,  is  to  use 
actual  measurements  of  hydrographs  and  soil 
concentrations  and  assume  that,  for  this  purpose, 
they  are  a  sufficiently  close  approximation  of 
what  is  to  come  in  the  future. 

Examples  of  Evaluation 

Figure  5  is  a  rough  presentation  of  a  few  data 
furnished  by  the  Coshocton  station.  It  is  used  to 
represent  runoff  in  general  in  an  illustration  of 
the  determination  of  the  magnitude  of  errors. 
The  runoff  rates  and  soil  concentrations  are 
shown  as  proportions  of  the  maximum  value.  The 
time  scale  is  arbitrary  but  is  consistent  for  the 
curves  shown.   The  soil -flow  curve  is  obtained 

by  multiplying  concurrent  values  r»f  C  Q  _ 

C  y  0 

max  vmax 

The  total  area  under  the  soil-flow  curve  divided 
by  that  under  the  runoff  curve  gives  the  average 
soil  concentration  in  the  whole  runoff.  For  the 

conditions  shown  — — —  =  0.  76;  that  is,  the  aver- 

age  concentration  is  equal  to  0.  76  times  the 
maximum  concentration. 

The  proportions  of  the  total  runoff  and  the  to- 
tal soil  loss  occurring  in  each  of  10  flow  ranges 
are  shown  in  table  1. 


TABLE  1. — Runoff  and  soil-loss  proportions  by 
flow  ranges  for  the  runoff  conditions  of 
figure  5 


Runoff  range 
Q/Q 

w  v  max 

Proportions  of  total 

Runoff 

Soil  loss 

0  - 

.1  

0.046 

0.020 

.1  - 

.2  

.058 

.040 

.2  - 

.3  

.058 

.048 

.3  - 

.4  

.064 

.058 

.4  - 

.5  

.069 

.066 

.5  - 

.6  

.086 

.086 

.6  - 

.7  

.099 

.104 

.7  - 

.8  

.132 

.138 

.8  - 

.9  

.147 

.157  ■ 

.9  - 

1.0.  

.241 

.281 

Selecting  the  calibration  curve  for  Model  A 
(Series  I)  (fig.  6)  as  an  extreme  example  of  var- 
iation, the  appropriate  sampler  ratio  for  each 
of  the  10  flow  ranges  is  multiplied  by  the  corre- 
sponding proportions.  The  sums  of  these  prod- 
ucts represent  the  relative  size  and  soil  content 
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Figure  5.  -  -Generalized  runoff. 
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Figure  6.  -  -Illustration  of  sampler  errors  (Model  A)  for  runoff  as  shown  in  figure  5. 
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of  a  sample  that  would  be  obtained  during  a  run- 
off period.  This  may  be  done  for  several  values 
of  maximum  flow  within  the  capacity  of  the  sam- 
pler. The  difference  between  the  size  of  the 
computed  sample  volume  and  the  intended  sam- 
ple indicates  the  magnitude  of  the  error  in  run- 
off-volume determination,  if  the  sampler  had 
been  used  for  this  purpose.  The  ratio  of  the  soil- 
loss  sum  to  the  runoff  sum  indicates  the  extent  of 
the  deviation  in  the  soil  concentration  in  the  run- 
off extracted  by  the  sampler  from  that  in  the  to- 
tal runoff.  Figure  6  shows  the  results  of  these 
calculations.  It  was  assumed  that  the  sampler 
would  divide  the  soil  flow  and  water  runoff  in 
exactly  the  same  manner. 

Although  this  example  is  based  upon  limited 
soil  loss  and  runoff  data,  it  is  believed  to  indi- 
cate quite  clearly  that  a  satisfactory  sampler  for 
soil-loss  determination  may  have  a  large  range 
in  the  value  of  the  ratio  of  sampler  catch  to  total 
flow,  if  it  is  used  with  a  good,  independent  means 
of  determining  the  total  runoff.  Even  though  the 
maximum  value  of  the  ratio  of  sampler  catch  to 
total  flow  was  nearly  four  times  greater  than  the 
minimum,  the  resultant  error  in  sampling  the 
soil  concentration  in  the  runoff  due  to  this  varia- 
tion was  well  below  the  allowable  error. 

The  results  of  similar  calculations  for  the 
Model  N-l  sampler  are  shown  in  figure  7.  Such 
computations  should  suffice  in  error  evaluation, 
except  for  borderline  cases. 

OPERATING  CHARACTERISTICS  OF  THE 
COSHOCTON  SAMPLER 

Basic  Principle 

The  basic  idea  of  the  Coshocton  Runoff  Sampler 
is  as  follows.  Given  a  jet  of  liquid  with  flow  Q, 
width  x  ,  thickness  y,   and  velocity  v,  as  shown  in 
figure  8,  a  slot  with  length  greater  than  y,  and 
with  width  w,  is  passed  through  the  jet  at  a  speed 
s,  in  the  direction  of  x  .  The  flow  into  the  slot  is 

Q  =  wyv 

The  volume  of  liquid  extracted  by  the  slot  as  it 
passes  through  the  jet  is  qt  ,  where  t  is  equal  to 
x/s  .  In  the  case  of  a  radial  slot  mounted  on  a 
wheel  s  is  2  rr  rn  .  The  volume  extracted  for  one 

pass  through  the  jet  is  then    w^vx  m  The  volume 

2  71  rn 

extracted  in  unit  time,  which  would  be  the  amount 
caught  in  n  passes,  is 

wyvx  wQ 
q  ~  2n~r  27lr 

The  ratio  of  the  mean  flow  from  the  slot  to  the 

w 

total  flow  of  the  jet  is,  therefore,  k  —  —   , 

•>  '  27lr 

which  in  words  is  the  ratio  of  the  slot  width  to 

the  circumference  at  any  radius.  The  sampler 

ratio  (or  aliquot)  kis,  therefore,  independent  of 

the  average  rate  of  turning  of  the  wheel. 

The  foregoing  is  a  considerable  simplification 

of  the  actual  operation  of  the  Coshocton  Runoff 

Sampler . 


Actual  Operation 

Some  of  the  differences  between  the  actual 
conditions  and  the  expressed  and  tacit  assump- 
tions are: 

(1)  The  total  cross-sectional  area  of  the  jet  is 
not  completely  crossed  by  the  slot  at  the  highest 
discharges; 

(2)  The  velocity  of  the  slot  is  variable  in  both 
time  and  direction; 

(3)  The  solid  boundaries  of  the  sampling  head 
and  wheel  cause  fluid  forces  and  consequent  de- 
flections of  the  liquid  that  were  not  considered; 

(4)  Because  of  the  splashing  that  results  from 
the  impact  of  the  jet  on  the  sampler,  some  of  the 
liquid  at  some  flows  is  sampled  twice. 

A  restatement  of  the  factors  that  influence  the 
proportion  of  the  total  flow  extracted  by  the  sam- 
pler should  include  the  following: 

(1)  The  ratio  of  slot  width  to  circumference; 

(2)  The  uniformity  of  rotation  throughout  a 
turning  cycle,  influenced  by: 

(a)  The  size  and  shape  of  the  sampling 
head, 

(b)  The  size  and  number  of  the  turning 
vanes , 

(c)  The  speed  and  direction  of  the  runoff  at 
impact  with  the  wheel, 

(d)  The  position  of  the  sampler  relative  to 
the  jet. 

(e)  The  moment  of  inertia  of  the  wheel, 
(f  )  The  tilt  of  the  wheel,  and 

(g)  The  balance  of  the  wheel. 

(3)  The  proportion  of  the  jet  sampled; 

(4)  The  amount  of  splashing  into  the  slot; 

(5)  The  thickness  of  the  edges  of  the  slot; 

(6)  The  mean  speed  of  the  slot  as  it  passes 
through  the  jet,  in  turn  determined  by  most  of 
the  factors  under  (2); 

(7)  The  speed  and  direction  of  the  jet  being 
sampled . 

The  data  in  figures  2,  3,  4,  and  7  represent 
the  end  products  of  the  complicated  behavior  of 
these  devices.  Some  of  the  details  of  operation 
are  given  in  a  subsequent  section  in  which  vari- 
ous construction  features  are  described. 

Observations  made  during  the  calibration  of 
the  several  models  that  were  tested  may  be  of 
interest.  Changes  in  design  that  caused  an  in- 
crease in  the  rate  of  turning  at  a  given  discharge 
usually  decreased  the  proportion  of  the  flow  ex- 
tracted by  the  sampler.  The  average  rate  of 
turning  increases  with  increasing  discharge  up 
to  about  midcapacity.  The  average  turning  speed 
decreases  with  increasing  discharge  beyond 
about  two-thirds  of  capacity.  The  turning  speed 
is  quite  nonuniform  at  the  high  discharges.  The 
average  rate  of  turning  differs  inversely  as  the 
square  root  of  the  sampler  diameter,  in  accord- 
ance with  similarity  principles. 

NOTES  ON  SAMPLER-UNIT  DESIGN 
The  Unit 

Models  N-l  and  N-2  of  the  Coshocton  Runoff 
Sampler  are  constructed  to  form  single  units 
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Figure  7.  -  -Illustration  of  sampler  errors  (Model  N-l)  for  runoff  as  shown  in  figure  5. 
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Figure  8.  -  -Simple  elements  of  the  operation  of  the  Coshocton -Type  Runoff  Sampler. 
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consisting  of  the  sampler,  a  type  H-flume,  and  a 
supporting  frame.  The  flume  is  provided  to  give 
a  standardized  approach  flow  to  the  sampler  and 
to  provide  the  means,  if  desired,  to  measure  the 
peak-runoff  rates.  The  supporting  frame  insures 
proper  orientation  of  the  sampler  and  flume  and 
facilitates  field  installation  of  the  device.  The  Pi- 
flume  capacity  is  arbitrarily  considered  to  be  the 
capacity  of  the  unit.  The  flume  depth  is  equal  to 
half  the  nominal  diameter  of  the  sampling  wheel. 

Counterweight 

A  counterweight  is  placed  opposite  the  sam- 
pling head  in  order  to  balance  the  wheel.  If  the 
wheel  is  out  of  balance,  trickle  flows  either  will 
not  be  sampled  or  will  be  sampled  at  a  nonuni- 
form rate  of  turning.  If,  however,  it  is  con- 
sidered that  there  is  too  much  chance  for  the  slot 
to  stop  within  the  flume  discharge  at  extremely 
small  flows,  a  slight  out -of -balance  so  that  the 
slot  will  stop  on  the  right  side,  looking  down- 
stream rather  than  at  the  bottom,  is  preferable. 

Bearing 

A  bearing  with  low  friction  is  essential.  It  is 
to  be  expected  that  new  bearings  will  be  needed 
occasionally. 

Sampling  Head 

The  slot  is  raised  away  from  the  wheelplate  to 
reduce  splashing  in.  The  splash  deflector  serves 
the  same  purpose  and  is  needed  over  a  small 
range  of  flows  at  about  one- seventh  capacity.  The 
inside  width  of  the  slot  is  determined  by  the 
equation 

2nrP  q/Q 
w  =   

1  +  1.67 

where:      '  =  radial  distance  from  center  of 
wheel; 

T  -  thickness  of  metal  at  the  slot 
edge,  inches; 

q/Q  =  proportion  desired  to  be  extracted 
by  the  sampler  (0.  01)  for  the  N-l 
drawing  and  0.  005  for  the  N-2 
drawing); 

P  -  a  modifying  coefficient  that  was  • 
changed  from  unity  in  value  for 
several  experimental  models  to 
increase  the  proportion  of  the 
runoff  extracted  and  decrease  that 
of  the  transported  bed  material 
during  the  high  discharges.  The 
value  of  P  for  the  slot  shown  in  the 
N-l  drawing  is  P  =  0.  93  at  r  =  6 
inches  and  P  -  1 .  00  at  r  =2  inches. 
For  Model  N-2,  P  =  1.05  at  r  =  12 
inches  and  P=  1.35  at  r  =  4  inches. 
Intermediate  slot  widths  are  inter- 
polated. It  probably  would  be  best 


to  keep  P  unity  for  samplers  to  be 
used  in  any  other  way  than  is  indi- 
cated on  the  general  plan. 

Weight  and  Mass  Distribution 

Since  at  high  flows  the  moment  of  force  causing 
rotation  differs  considerably  throughout  a  turning 
cycle ,  the  moment  of  inertia  of  the  wheel  about  its 
center  must  be  great  enough  to  maintain  motion  dur- 
ing periods  of  low  or  adverse  turning  moment. 
The  necessary  and  sufficient  moment  of  inertia 
of  the  N-l  sampler  wheel  about  its  center  is 
0.027  slug-ft2.  Similarity  of  operation  of  differ- 
ent size  samplers  requires  that  the  ratio  of  the 
moments  of  inertia  of  two  samplers  be  equal  to 
the  fifth  power  of  the  ratio  of  their  linear  dimen- 
sions. Thus,  the  N-2  sampler,  which  is  twice  as 
large  as  the  N-l  model,  must  have  a  moment  of 
inertia  25  =  32  times  greater,  or  0.87  slug-ft2. 
Weight  becomes  an  increasingly  important  mat- 
ter in  the  cost  and  handling  of  the  equipment  as 
the  sampler  size  increases.  Extra  mass  to  meet 
the  moment  of  inertia  requirement  is  therefore 
placed  near  the  periphery  of  the  larger  sampler 
where  its  effectiveness  in  rotation  is  greatest. 

Turning  Vanes 

The  design  of  the  turning  vanes  reflects  the 
fact  that  the  principle  of  operation  differs  for 
high  and  low  flows.  Turning  at  high  flows  is  a 
result  of  fluid  forces  on  the  vanes  resulting  from 
the  change  in  speed  and  direction  of  the  jet  at 
impact.  The  turning  forces  at  trickle  flows  are 
a  result  of  the  acceleration  due  to  gravity  acting 
upon  the  liquid  caught  behind  the  vanes. 

Smooth,  dependable  action  at  very  small  flows 
requires  many  vanes.  Only  a  small  height  is  re- 
quired. This  is  fortunate,   since  small  height  is 
desirable  at  the  higher  flows  to  obtain  relatively 
low  rates  of  turning  and  low  slot  speeds.  Addi- 
tional height  at  the  inner  end  of  the  second  vane, 
clockwise  from  the  sampling  head,  is  for  the 
purpose  of  reducing  a  hump  in  the  calibration 
curve  at  about  one-seventh  capacity. 

The  small  hole  near  the  inner  end  of  each  vane 
is  provided  as  an  aid  to  starting  the  wheel  for 
trickle  flows.  The  leakage  through  these  holes 
distributes  the  water  over  the  wheel  in  a  manner 
to  give  a  greater  starting  torque.  The  curvature 
of  the  vanes  is  also  a  factor  in  this  regard  since 
it  affects  the  amount  of  water  that  can  be  held 
above  them. 

Position 

The  center  of  the  sampler  wheel  is  offset  from 
the  approach  flume  centerline  to  avoid  stalling 
of  the  sampler  at  both  high  and  low  flows.  The 
offset  is  kept  small  for  two  reasons:  (1)  A 
smaller  portion  of  the  jet  area  will  be  unsam- 
pled  at  the  highest  flows,  and  (2)  average  turn- 
ing rates  are  kept  lower  at  intermediate  and 
high  discharges. 
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Tilt  of  the  Wheel 

The  tilt  of  the  wheel  has  little,  if  any,  effect 
upon  the  proportion  of  the  runoff  extracted  by  the 
sampler  if  the  wheel  is  balanced.  A  small  tilt  re- 
duces the  required  headroom  for  operation. 

NOTES  ON  CONSTRUCTION 

Plans  for  construction  of  the  Models  N-l  and 
N-2  Runoff  Sampler  units  are  shown  as  figures 
9  and  10,  respectively. 

Although  sheet  metal  is  used  extensively  in  the 
construction  of  these  devices,  the  precision  in 
fabrication  that  is  required  is  much  greater  than 
is  generally  associated  with  sheet-metal  work. 
The  pan  and  its  outlet  connection,  the  surface  of 
the  wheelplate,  and  the  joints  of  the  sampling 
head  must  be  absolutely  watertight.  It  is  conceiv- 
able that  a  leak  could  be  so  small  that  its  effect 
would  actually  be  negligible  but  knowledge  of  the 
existence  of  even  a  very  small  leak  destroys  con- 
fidence in  the  validity  of  the  measurements. 

It  is  usual  in  sheet-metal  fabrication  to  use  a 
considerable  amount  of  heat  in  making  soldered 
joints.  This  contributes  to  good  joints  and  speeds 
construction.  But  it  has  been  found  in  building  the 
samplers  that,  to  minimize  warping  of  the  metal 
surfaces,  the  heat  must  be  limited  to  that  which 
is  required  to  obtain  good  soldered  joints.  This 
applies  to  the  soldering  work  on  the  wheelplate, 
the  sampling  head,  and  the  outlet  edge  of  the  H- 
flume.  It  has  also  been  found  helpful  first  to 
spot-solder  the  vanes  to  the  wheelplate  and  the 
stiff eners  to  the  sampling  head  and  the  flume  out- 
let. The  clamps  used  to  hold  the  stiff  eners  in 
place  while  the  soldering  is  being  done  should  not 
be  too  tight  nor  put  in  places  where  tightening  of 
the  clamps  would  cause  stresses  in  the  metal, 
which  in  turn  would  produce  undesired  deflections 
after  removal  of  the  clamps. 

Correct  widths  of  the  slot  are  more  readily  ob- 
tained by  the  use  of  two  or  more  micrometered 
spacers  or  by  a  continuous  plug  of  the  correct 
variable  width.  Slot  widths  may  be  conveniently 
checked  at  measured  distances  along  the  slot  with 
a  taper  gage  similar  to  Starrett  No.  269A. 

Check  measurements  of  the  lower  outlet  width 
of  the  H-flume  are  facilitated  by  the  use  of  a 
shop-made  taper  gage.  This  instrument  is  read- 
ily made  by  using  an  outside  micrometer  caliper 
to  graduate  a  tapered  piece  of  metal.  Since  it  is 
almost  impossible  for  several  reasons  to  make 
a  good  measurement  of  the  flume-outlet  width  at 
floor  elevation,   it  is  best  to  make  one  or  more 
measurements  of  width  at  certain  known  eleva- 
tions above  floor  level.  The  effective  width  of  the 
outlet  at  floor  level  is  the  difference  between  the 
width  at  a  higher  elevation  and  the  distance  above 
the  floor  that  the  measurement  was  taken.  The 
shop -made  taper  gage  may  be  held  at  a  fixed  ele- 
vation by  placing  it  on  a  small  plate  of  known 
thickness,   resting  upon  the  flume  floor  near  the 
outlet.  It  is  essential  to  clean  the  flume  floor 
beneath  the  plate  of  any  excess  solder  or  other 
materials . 


The  most  satisfactory  method  that  has  been 
found  to  obtain  the  proper  alinement  of  the  H- 
flume  axis  with  the  sampler  wheel  center  is  by 
use  of  a  device  shown  in  figure  11.  Anyone  wish- 
ing to  construct  or  inspect  many  sampler  units 
will  need  this  auxiliary  instrument. 

INSTALLATION 

Size  of  Sampler  and  Storage  Tank 

The  area  of  the  experimental  plot  should  de- 
pend upon  the  nature  of  the  experiment,  but  it  is 
often  limited  by  the  availability  of  land  of  uniform 
qualities.  Instances  also  arise  when  the  plot  area 
is  restricted  because  of  the  cost  or  unavailability 
of  suitable  measuring  equipment.  The  data  of 
table  2  are  given  for  use  in  the  preliminary  plan- 
ning. 

The  relation  between  plot  area  and  maximum 
runoff  rate  that  will  occur  is  largely  unknown.  In 
fact,  its  determination  may  be  one  of  the  objec- 
tives of  the  experiment.  The  same  is  also  true 
in  respect  to  the  maximum  amount  of  runoff  that 
will  occur  between  times  of  servicing  the  equip- 
ment. Yet,   some  sort  of  a  guess  about  these 
things  must  be  made  in  order  to  select  a  sam- 
pler and  storage  tank  of  a  capacity  compatible 
with  conditions.  The  development  of  procedures 
for  making  these  estimates  is  too  lengthy  for  this 
report.  A  method  credited  to  Howard  L .  Cook  by 
Hamilton  and  Jepson5  is  suggested  for  use  in  de- 
termining per-acre  runoff  rates.  The  50-year 
rate  should  be  used.  The  area  of  the  plot  times 
the  per-acre  rate  gives  the  required  sampler  ca- 
pacity. It  is  further  suggested  that  the  samplers 
be  considered  to  have  80  percent  of  their  rated 
capacity  shown  in  table  2,  and  that  prime  con- 
sideration be  given  to  the  plot  conditions  most 
favorable  for  runoff  that  may  exist  during  the  in- 
stallation period. 

The  required  size  of  the  storage  tank  may  be 
estimated  by  considering  the  size  of  the  plot,  the 
expected  maximum  amount  of  rainfall  that  will 
occur  in  2  days,  and  the  probable  capacity  of  the 
soil  to  take  water  during  the  2-day  period  of 
rainfall.  For  example,  the  2-day  rainfall  to  be 
expected  to  be  exceeded  once  in  50  years  in  the 
eastern  United  States,  according  to  the  Miami 
Conservancy  District6  ranges  from  about  5 
inches  in  the  extreme  north  to  about  12  inches  in 
the  extreme  south.  This  is  the  same  as  to  say 
that  the  chances  are  about  1  in  10  that  these 
amounts  will  be  exceeded  within  8  years,  which 
seems  to  be  a  reasonable  gamble  to  take  on  this 
feature  of  apparatus  design.  Then,  as  a  further 
example,  if  the  design  rainfall  at  a  central  loca- 
tion is  8  inches  and  the  soil  is  estimated  to  take 
2  inches  of  this  rain,  the  runoff  is  estimated  to 
be  6  inches.  The  required  volume  of  the  storage 


5  Hamilton,  C.  L. ,  and  Jepson,  H.  G.  Stock  water  developments: 
wells,  springs,  and  ponds.  U.  S.  Dept.  of  Agr.  Farmer' s  Bui.  1859. 
1940. 

s  Miami  Conservancy  District.  Storm  rainfall  of  Eastern  United 
States.  Technical  Reports,  Part  V.  1917. 
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Figure  11.  --Device  for  alinement  of  H-flume  and  Model  N-l  sampler. 
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Figure  9.  -  -Plans  for  Model  N  l  (1-foot  Coshocton-Type  Runoff  Sampler--general  assembly). 
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Figure  9.  --Plans  for  Model  N-l  (1-foot  Coshocton-Type  Runoff  Sampler- -construction  details). 
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-Plans  for  Model  N-l  (6-inch  H-flume  for  Coshocton-Type  Runoff  Sampler). 
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Figure  9.  --Plans  for  Model  N-l  (support  for  1-foot  diameter  Coshocton -Type  Runoff  Sampler- -alternate  design  "B"  ). 
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Figure  10.  --Plans  for  Model  N- 2 (2-foot  Coshocton -Type  Runoff  Sampler,  Model  N-2,  1/2  of  1  percent,  construction  details). 
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Figure  10.  --Plans  for  Model  N-2  (2-foot  Coshocton -Type  Runoff  Sampler--support  for  sampler  and  H-flume). 
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Figure  10.  --Plans  for  Model  N-2  (1-foot  H-flume  for  2-foot  Coshocton -Type  Runoff  Sampler). 


TABLE  2. — Size  schedule  for  sampling  units 


Sampler  diameter 

Capacity 

Headroom 
requirement 

Aliquot 

Estimated 
shipping 

Weights 
net 

Estimated 
cost  (1952) 

Feet 

C.  /.  s. 

Feet 

Percent 

Pounds 

Pounds 

Dollars 

1/3 

1-1/4 

1 

26 

18 

2 

2-1/2 

1/2 

130 

85 

115 

31  

5-1/2 

3-3/4 

1/3 

430 

270 

175 

1  Construction  details  not  yet  available. 


TABLE  3. — Minimum  specifications  for  closed-conduit  approach  to  sampler  unit 


D/H 

Minimum  slope 

Minimum 
y/D 

Minimum 

//  =  0.5 

H  -  1.0 

H  -  1.5 

3/4  

0.011 

0.008 

0.007 

0.33 

8.0 

2/3  

.020 

.016 

.014 

1.2 

8.5 

1/2  

.091 

.072 

.063 

5.8 

10.0 

tank  in  cubic  feet  is  then  equal  to  6  x  3630  x  A 
xk;  where  A  is  the  plot  area  in  acres  and  k  is 
the  proportion  of  the  flow  extracted  by  the  sam- 
pler. 

Installing  the  Apparatus 

The  manner  of  installation  of  the  equipment 
may  differ  somewhat  depending  upon  conditions 
downhill  from  the  experimental  area.  Two 
sketches  are  given  in  figure  12  which  show  pos- 
sible installations  and  limiting  distances  and 
slopes.  These  apply  to  the  use  of  a  rectangular 
approach  channel  to  the  H-flume  with  width  equal 
to  the  H-flume  width. 

The  short  section  of  channel  immediately  ad- 
jacent to  the  H-flume  in  sketch  (b)  has  only  suf- 
ficient slope  for  good  drainage.  It  is  provided  to 
make  room  for  the  hydraulic  jump  that  will  occur 
in  most  installations  of  that  type. 

Other  limitations  are  required  in  the  event 
that  a  circular  closed  conduit  is  used  between 
the  collecting  trough  and  the  sampler  unit.  These 
are  shown  in  table  3.  The  length  of  the  hori- 
zontal transition  between  the  lower  end  of  the 
conduit  and  the  H-flume  is  de  signated  L1  „ 

The  minimum  vertical  distance  between  the 
top  of  the  upper  end  of  the  pipe  and  the  maximum 
water  elevation  in  the  collecting  trough  is  des- 
ignated y  .  The  pipe  diameter  D  and  the  length  Lj 
are  expressed  in  terms  of  H-flume  depth.  The 


distance  y  is  expressed  in  terms  of  pipe  diam- 
eter. These  y  distances  are  based  upon  an 
abrupt  connection  of  the  pipe  with  the  collecting 
trough.  They  may  be  reduced  by  50  percent  by 
use  of  a  convergent-closed  transition  between  the 
collecting  trough  and  the  pipe.  All  calculations 
are  based  upon  capacity  flow. 

The  short  section  of  the  approach  channel  im- 
mediately adjacent  to  the  H-flume  should  have 
only  enough  slope  for  good  drainage.  The  H- 
flume  of  the  sampler  unit  should  be  leveled  in 
both  directions  as  well  as  can  be  done.  The  top 
of  the  H-flume  should  not  be  higher  than  the  sill 
of  the  plot,  in  order  to  avoid  flooding  of  the  plot 
at  maximum  flow. 

The  closed  conduit  between  the  sampler  and  the 
storage  tank  should  not  be  smaller  than  the  outlet 
pipe  from  the  sampler -collecting  pan  and  should 
have  no  sharp-cornered  or  short-radius  bends.  It 
should  be  sloped  to  give  good,  continuous  drainage 
and  to  provide  the  necessary  head  to  cause  flow. 

The  storage  tank  must  be  anchored  in  cases 
where  either  surface  water  or  high  ground  water 
will  provide  a  buoyant  force.  The  possibility  of 
collapse  of  the  tank  under  these  conditions  should 
also  be  considered.  The  need  for  absolute  water- 
tightness  of  the  sampler,  sample  conduit,  stor- 
age tank,  and  connections  between  them  cannot 
be  overemphasized.  Rain  and  the  splash  from 
the  sampler  wheel  must  positively  be  prevented 
from  getting  into  the  tank. 
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Figure  12.  -  Installation  sketch. 
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COSHOGTON-TYPE  RUNOFF  SAMPLERS 


Supplementary  Laboratory  Investigations  at  the 
Stillwater,  Okla.,  Outdoor  Hydraulic  Laboratory 

by 

Donald  A.  Parsons 
Soil  and  Water  Conservation  Research  Branch 

Following  completion  of  the  work  on  the  Coshocton  sampler  at 

the  St,  Anthony  palls  Hydraulic  Laboratory  of  the  University  of 

Minnesota,  a  number  of  the  1-ft  samplers  of  a  type  described  in 

SCS  -  TP  -  12h  were  installed  at  experiment  stations       for  observa- 

2/ 

tion.    They  were  generally  placed  in  series  with  Geib  u  multislot 

devisors  or  other  similar  installations  to  provide  a  check  on  the 

soil  loss  and  runoff  measurements.    The  results  of  these  field  trials 

during  1952  and  1953  were  unexplainably  erratic.    Also,  great 

difficulty  was  experienced  in  the  Southeast  with  deposition  of  sand 

in  the  approach  trough  and  H-flume  upstream  from  the  sampler. 

These  experiences  prompted  a  cooperative  effort  by  the  Watershed 

Hydrology  Section  and  the  Eastern  Soil  and  Water  Management  Section 

of  the  Soil  and  Water  Conservation  Research  Branch  to  determine  and 

correct,  if  possible,  the  causes  for  the  relatively  poor  showing  of 

the  devices  in  the  field.    This  work  was  done  at  the  Stillwater, 

3/ 

Okla..      Outdoor  Hydraulic  Laboratory  -  ,  during  the  period  April  22 
to  June  k,  19f?lw 

1/  The  following  men  participated  in  the  trials: 

George  N.  Sparrow,  Tifton,  Georgia      L.  A.  Forrest,  Raleigh,  N.  C. 
A.  P.  Barnett,  Watkinsville,  Georgia   F.  W.  Schaller,  Ames,  Iowa. 
John  R.  Carreker,  Watkinsville,  Ga.     H.  E.  Middleton,  Beltsville,  Md. 
Orville  E.  Hays,  LaCrosse,  Wisconsin    T.  W.  Edminster,  Beltsville,  Md, 

2/  Mention  of  manufacturers  does  not  constitute  endorsement  of  their 
products  by  the  U.  S.  Department  of  Agriculture. 

3/  W.  0.  Ree  and  his  entire  staff  at  the  laboratory  were  most  helpful. 
Their  consistent  and  skillful  aid  materially  expedited  the  work. 


The  tests  were  limited  to  the  1-ft  diameter  sampler.    The  sampler 
used  was  constructed  in  the  Plant  Industry  Station  shop  at  Beltsville, 
Maryland.    The  essential  measurements  of  the  experimental  device  are 
shown  in  Figure  1  and  a  photograph  in  Figure  2. 

One  of  the  five  20-inch  syphons  at  the  Laboratory  was  tapped  with 
a  6-inch  line  that  extended  into  a  field  shelter.    The  water  flow  was 
controlled  with  a  6-inch  gate  valve  and  measured  by  point  gage  and  1-ft 
H-flume.    The  flow  from  the  H -flume  was  spread  across  the  upper  end  of 
a  sloping  surface  that  was  6  feet  wide  and  6  feet  long.    The  surface 
was  galvanized  sheet  steel,  firmly  supported  by  wooden  flooring  and 
timbers.    Its  purpose  was  to  simulate  an  experimental  erosion  plot. 
A  collecting  trough  at  the  foot  of  the  sloping  surface  concentrated 
the  water  (runoff)  at  the  plot  centerline  in  a  manner  similar  to  the 
usual  method  in  making  soil  loss  and  water  runoff  measurements. 

Sand  was  used  for  the  erodible  material  since  the  field  trials 
showed  that  the  greatest  difficulties  were  found  with  installations 
on  sandy  soils.    The  sand  was  spread  manually  across  the  upper  por- 
tion of  the  sloping  surface  during  a  test.    The  water  then  transported 
the  material  to  the  collecting  trough.    The  size  distribution  of  the 
sand  is  shown  in  Table  1. 


TABLE  1  -  The  Size  Distribution  of  the  Sand 


Size  Percent 

Gravel  3 

Coarse  Sand  6 
Medium  Sand 

Fine  Sand  1^0 

Very  fine  sand  Ij. 

Silt  and  clay  3 

BEARING  FRICTION  STUDIES 


A  measure  of  bearing  friction  in  the  experimental  sampler  was 
sought.    Also  desired  was  a  method  of  measurement  for  ready  field 
determination  of  friction.    The  bearing  friction  data  that  were 
obtained  are  given  in  Figure  3.    The  total  time  lapses  for  several 
numbers  of  revolutions  of  the  decelerating  wheel    following  an 
initial  impulse,  were  recorded. 

The  fact  that  straight  lines  may  be  drawn  to  closely  represent 
the  data  when  plotted  as  in  Figure  3>  implies  that  the  friction  or 
resistance  to  turning  is  not  affected  by  the  rate  of  turning.  The 
nature  of  the  resistance  is  therefore  like  that  of  dry  friction 
between  two  moving  solids.    However,  experience    W   has  shown  that 
the  resistance  of  lubricated  bearings  at  low  speeds  does  not  conform 
with  the  functional  relationship  between  friction  and  relative 
velocity  of  the  moving  parts  that  holds  for  the  higher  speeds. 

The  slopes  of  the  lines,  designated  S  in  Figure  3,  are  a  measure 
of  the  friction  torque  or  moment  of  force  causing  deceleration  of  the 
rotating  wheel  with  time.    Except  for  test  No.  1  there  was  a  progressive 

hj    "The  Mechanical  Properties  of  Fluids",  Blakie  &  Son,Ltd.,  Glasgow, 
page  -  139  (1925) 


decrease  in  torque  with  successive  trials  that  happened  to  coincide  with 
a  progressive  increase  in  air  temperatures.    This  suggests  the  possibility 
that  bearing  oil  viscosity  progressively  decreased  with  temperature  and 
affected  friction  torque.    This  might  well  be  given  more  study. 

The  average  value  of  S  is  .0022  and  the  mean  kinetic  friction 
torque  is:  F.T.    =    U-ffl  S 

=    hTf  (0.027)    (.0022)    =    .00075  ft. -lbs., 
where  I  is  the    moment  of  inertia  of  the  wheel  about  its  center. 

The  starting  torque  of  the  wheel  that  was  used  appeared  to  be  a 
little  too  great.    Whereas  two  1/2  inch  inside  diameter  radial  bearings 
were  used,  a  trial  with  bearings  of  about  0.3  inch  should  be  made  in 
an  effort  to  reduce  the  torque. 
SAND  DEPOSITION  STUDIES 

The  experimental  work  was  necessarily  exploratory  at  the  be- 
ginning.   After  it  was  learned  that    the  major  difficulty  was  deposi- 
tion in  the  approach  to  the  sampler,  cut  and  try  methods  were  used 
in  an  endeavor  to  find  approach  trough  designs  that  would  reduce  the 
difficulty.    Many  things  were  tried  and  discarded  after  unrecorded 
observations.    Rather  complete  measurements  were  made  only  when 
it  seemed  that  an  acceptable  design  was  being  approached. 


-J    The  moment  of  inertia  of  the  wheel  was  determined  by  using  it 
as  a  part  of  a  torsion  pendulum.    It  was  rigidly  connected  at  its 
center  to  the  lower  end  of  a  long,  small-diameter  metal  rod  that 
was  fastened  securely  to  a  support  at  the  upper  end.    The  moment 
of  inertia  is  proportional  to  the  square  of  the  vibration  period. 
The  pendulum  was  calibrated  by  replacing  the  wheel  with  metal 
disks,  for  which  the  moments  of  inertia  were  easily  calculated. 


TABLE  3  -  Mean  Values  from  Sampler  Tests 

Approach  Channel    No.  of    Sand  Deposition  Proportion  of  Total  Runoff 

Designation         Tests       Upstream  from  Retained  by  Sampler 

Sampler  Water  ~Sand* 

lbs.  

B-3**  k  2.0  .0099  .0101 

C-l  6  1.9  .0101  .0100 

*  Proportion  of  sand  delivered  to  sampler  that  was  retained. 
Tested  with  near-equal  flows  from  each  end  of  the  collecting 
trough.    Greater  deviations  in  sampler  catch  should  be  expected 
for  extreme  asymmetry  of  flow  in  the  collecting  trough. 

(7)  A  small  amount  of  sand  deposited  on  the  wheel  plate  near 
the  end  of  runoff  appeared  to  produce  no  serious  effects 
on  sampler  operations. 

(8)  Tests  were  made  to  determine  the  horizontal  clearance  re- 
quired for  hoods  that  may  be  used  to  protect  the  sampler 
wheel  from  wind,  small  boys,  etc.    A  minimum  clearance  of 
2-inches  for  the  1-foot  diameter  wheel  is  necessary. 

A  greater  distance  would  be  preferable,  especially  if 
possible  trash  difficulties  are  considered. 

(9)  Although  care  was  used  in  handling  the  sampler  during  the 
tests,  it  is  still  significant  that  no  difficulty  was  ex- 
perienced with  either  sand  or  water  in  the  bearing. 

(10)  The  slope  of  the  wheel  plate  in  the  sampler  that  was  used 
for  the  tests  was  0.186  (1  on    5.3)  instead  of  0.10  speci- 
fied on  the  plans.    This  increases  the  required  headroom 
for  operation  by  one  inch.    The  beneficial  effect  of  the 
increase  in  slope,  is  an  increase  in  the  turning  moment 
of  force  for  trickle  flows. 


The  use  of  a  bearing  assembly  with  greater  friction  than  in 
the  original  design  for  the  purpose  of  reducing  the  wobble 
of  the  wheel  makes  an  increase  in  tilt  of  the  wheel  desirable 
in  a  future  design. 

(11)  A  small  amount  of  sand  was  caught  in  the  pan  in  each  test. 
The  pan  outlet  was  a  street  elbow  attached  to  the  bottom  of 
the  pan,  that  requires  2  inches  headroom  more  than  the  current 
plans  indicate     This  street  elbow  outlet  is  probably  much 
better  than  the  one  shown  on  the  plans  from  the  standpoint  of 
catching  sand,  but  neither  of  them  is  good^    A  new  design 
should  be  developed  that  will  pass  sand  better  without  an 
increase  in  headroom  requirement.    (Two  inches  extra  headroom, 
for  example,  requires  £  feet  of  extra  digging  at  the  deep  end 
of  the  trench  for  a  plot  on  a  3%  slope). 
(12)  Experience  with  heavy  sand  loads  in  the  runoff  suggests  that 
adequate  slope  of  the  conduit  between  the  sampler  and  the 
sample  tank  must  be  provided.    Minimum  slope  requirement  was 
not  determined     For  this  condition  a  minimum  slope  of  five 
percent  is  suggested  on  a  trial  basis. 

(13)  A  few  tests  with  trash,  (bermuda  grass,  both  dead  and  green) 
demonstrated  that  the  wheel  could  be  stopped  by  the  trash 
wedging  between  the  wheel  and  the  downstream  portion  of  the 
H -flume  support.    This  support  should  be  redesigned  to  pro- 
vide greater  clearance  for  the  wheel. 

( Hi)  The  H-flume  approach  to  the  sampler  should  not  be  depended 
upon  as  a  flow  measuring  device  when  preceded  by  approach 
B-3  or  C-l. 
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The  several  sand  moisture  determinations  that  were  required  in  each 
test  to  put  the  erodible  material  on  a  dry  weight  basis  made  the  test 
procedure  quite  cumbersome.    Test  data  are  summarized  in  Table  2.  Plans 
for  the  two  approach  designs,  designated  B-3  and  C-l  and  judged  to  be 
most  suitable,  are  shown  in  Figures  Ua,  lib  and  5. 

A  summarization  of  the  results  of  the  work  includes  the  follow- 
ing: 

(1)  A  large  amount  of  deposition  occurred  within  the  H-flume 
and  the  approach  channel  when  a  2  foot  long,  level  channel 
with  width  equal  to  the  upstream  end  of  the  H-flume  was 
used.    For  example,  in  Test  No.  1,  there  was  about  k5  lbs. 
of  sand  deposited  above  the  sampler,  which  would  be  equiva- 
lent to  more  than  one  ton  per  acre  for  a  ,02-acre  plot. 

(2)  The  amount  of  deposition  generally  increased  with  the  rate 
of  sand  feed  or  sand  concentration  of  the  runoff. 

(3)  The  sampler  behaved  in  general  as  expected  from  the  Minn- 
esota tests;  i.e.,  both  the  sand  and  water  fractions  re- 
tained by  the  sampler  were  reasonably  correct  as  long  as 
the  wheel  speeds  were  at  or  near  those  obtained  in  the 
original  calibration  tests, 

(U)  The  rate  of  turning  of  the  wheel  was  sensitive  to  differ- 
erences  in  approach  conditions.    This  was  the  basic  reason 
for  originally  adopting  the  H-flume  approach  as  an  integral 
part  of  the  sampler.    The  Oklahoma  tests  showed,  however, 
that  approach  conditions  to  the  H-flume    that  caused 
seemingly  minor  changes  in  the  H-flume  jet  changed  the  wheel 


speeds  materially.    Deposition  in  the  approach  channel  could 
therefore  affect  wheel  speeds  and  the  catch  of  the  sampler 
by  alteration  of  the  H-flume  jet.    As  an  illustration  of 
the  effect  of  wheel  speed  on  the  sampler  catch,  an  unrecorded 
measurement  of  the  water  sample,  obtained  at  a  wheel  speed 
double  the  normal  rate  of  turning,  showed  the  sample  to  be 
ld%  low. 

(5)  "Whereas  the  Minnesota  tests  showed  that  the  proportion  of 
coarse  sand  retained  by  the  sampler  increased  materially 
with  flow  rate,  the  medium  to  very  fine  sand  used  in  the 
Oklahoma  tests  was  retained  by  the  sampler  more  nearly  as 
the  water  was  retained. 

(6)  Since  the  preliminary  exploratory  tests  demonstrated  that 
the  major  difficulty  in  the  use  of  the  equipment  was  upstream 
sedimentation,  the  later  work  was  concentrated  upon  develop- 
ment of  approach  channel  designs  that  would  reduce  this 
difficulty.    Although  a  large  number  of  new  designs  were  tried, 
only  four  of  them  were  seriously  considered  as  being  adequate, 
and  only  two  of  these  were  accepted  as  the  end  products. 

One  design,  approach  C-l,  is  for  use  when  the  runoff  comes  to 
the  sampler  at  high  velocity  (5  to  9  ft. /sec.)  through  a  pipe 
or  narrow  channel,  and  the  other,  approach  B-3,  is  for  direct 
connection  to  the  collecting  trough  at  the  foot  of  the 
experimental  plot  area.    Mean  values  of  the  test  results 
obtained  at  flows  ranging  between  .025  and  0.20  cfs.  are  given 
in  Table  3  for  these  designs. 
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FIGURE  Z 


1  -  ft.  COSHOCTON  TYPE 
RUNOFF  SAMPLER 

Constructed  in  Plant  Industry  Station 
Shop,  Beltsville,  Maryland 
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Figure  k  b  -  Approach  B-3  (sheet  2  of  2) 


